Simultaneous Doppler/catheter measurements of pressure gradients in aortic valve disease: a correction to the Bernoulli equation based on velocity decay in the stenotic jet.
Characterization of the severity of a stenotic aortic valve relies on accurate measurement of the pressure drop across the valve. A simplified form of the Bernoulli equation has been used to estimate pressure drops using Doppler ultrasound, but these measurements often overestimate gold standard measurements performed during cardiac catheterization. Sources of discrepancy between the Doppler and catheter measurements have been identified, but no method has been developed to fully reconcile the two techniques. In this study we developed a correction to the clinical form of the Bernoulli equation based on receiving chamber geometry and turbulent jet profiles. The theoretical treatment of the mechanical energy balance, assuming a shape to the stenotic jet profile is described, and the assumptions in our model are discussed. The use of the model was then demonstrated in an in vivo clinical study in which simultaneous Doppler and catheter data were obtained. Discrepancies between Doppler and catheter are shown to be a function of the predicted pressure recovery location based on our assumed profile. There exists a distance of about 8.67 valve radii downstream where agreement in peak pressure gradients is theoretically achieved. The results demonstrate the ability to characterize pressure recovery distal to the valve. Our approach, to substitute a more appropriate velocity profile into the mechanical energy balance, unifies geometric parameters and the physics of turbulent jet flow in an equation involving quantities already routinely measured in an echocardiographic examination of aortic stenosis. This allows for both the maximal and recovered pressure gradient to be obtained from the Doppler data. These results have implications for optimal pressure sensor placement for the assessment of aortic stenosis and also for the evaluation of prosthetic heart valves in vitro.